The objective of the trial is to compare fattening performance, slaughter results and meat quality of bulls from international cattle breeds with local Hungarian breeds fattened under the same conditions. Altogether 62 growing bulls -Angus, Charolais, Holstein, Hungarian Grey, Hungarian Simmental, Charolais × Hungarian Grey -were fattened in small groups. The daily gain varied from 897 (Hungarian Grey) to 1 240 g/day (Angus). In general, the lower gain value is caused by the semi-intensive fattening system with low concentrate supplementation. The slaughter weight showed a similar tendency as final weight, there was a significant difference between Angus and Hungarian Grey. The killing out of Charolais (59.50 %), Angus (56.80 %) and Hungarian Simmental (57.84 %) was significantly higher than Hungarian Grey (55.13 %) and Holstein (55.03 %). Due to Charolais crossing the dressing percentage of Hungarian Grey was developed by about 1.5 %.
Introduction
The slaughter cattle/beef production of Hungary has always been an export oriented branch. This is still true at present, because the necessary conditions and biological base of beef cattle breeding are available. However, over the last decades the breed and type composition of the Hungarian cattle sector has changed considerably. During the specialization process which began in the early 1970s the world leading dairy and beef breeds and the genetic values of them were established. Due to Holstein breed, the dairy specialisation caused a spectacular milk yield growth. Now more than 68 % of our cows belong to dairy breeds, whilst the percentage of the former dominant breed, Hungarian Simmental decreased to 15-18 %. Several foreign beef breeds (Hereford, Angus, Limousine, Charolais, Blonde d'Aquitaine, Blue Belgian) played a part in the establishment and improvement of Hungarian beef cattle breeding.
The accession to the EU created a new situation. The system of subsidies for fattening for high slaughter weight was changed favourably as a consequence of EU-subsidies (special premium for male cattle and slaughter premium). Besides this it is a general tendency that there is a growing interest in the traditional native animal breeds (Biedermann et al. 2009 , Manatrinon et al. 2009 ). The exact knowledge of the performance of traditional cattle breeds is needed for the effective product output and is required for the elaboration of conscious breeding strategies.
In Hungary there are two traditional cattle breeds; one of them is Hungarian Grey cattle and the other one is Hungarian Simmental. The origin of Hungarian Grey cattle is still not definitely explored. In recent years, some publications have dealt with the production traits of this breed (Holló et al. 2004 , Manatrinon et al. 2009 ). Hungarian Grey is very good in several traits such as longevity, health, robustness as well as easy calving but it is a late maturing breed and according to some data they have low gain performance. According to recently published data, a great valuable trait of this breed is the excellent compensation ability, which manifests itself mainly under extensive conditions (Nagy et al. 2007 ). Little information is available on the performance and slaughter value of purebred Hungarian Grey bulls compared to crossbred ones (Bölcskey et al. 2001) . Hungarian Simmental was developed from the crossing of local breed (mainly Hungarian Grey) and the Swiss cattle at the end of the 19th century. The dual purposed Hungarian Simmental breed plays an important role for high quality beef production of Hungary due to their excellent gain, conformation and meat quality characteristics (Holló et al. 2008) .
The objective of this study was to compare and to evaluate the performance of international cattle breeds (Angus, Charolais, Holstein) with local breeds (Hungarian Simmental, Hungarian Grey) as well as with their crossbred (Charolais × Hungarian Grey) in terms of fattening performance, slaughter value and meat quality including intramuscular fat level.
Material and methods
Sixty two Angus (n=9), Charolais (n=8), Holstein (n=11), Hungarian Grey (n=10), Hungarian Simmental (n=15) purebred, and Charolais × Hungarian Grey (n=9) crossbred young bulls were included in the experiment. The animals were loose-housed in pens with straw bedding at the Experimental farm of Kaposvár University, Hungary. Each breed group was fed with ad libitum maize silage, hay and concentrate. As the live weight of animals increased during the fattening period the portion of hay and concentrate was adjusted on the basis of chemical analysis of collected samples of the diet ingredients (Table 1) .
In the finishing period (2nd period of fattening), when animals achieved 450 kg live weight, the concentrate contained 25 % linseed supplementation. Table 2 shows the daily dry matter intake and net energy for gain (NE g ) and net energy for maintenance (NE m ) per breeds. The dry matter intake and net energy for gain and net energy for maintenance was measured on a group basis. Total dry matter intake varied from 10.99 kg/day to 11.94 kg/day. It was greater for Charolais than for the Holstein group. Each month all of the animals were weighed and daily live weight gain was calculated. The target slaughter weight was set at 600 kg. The final live weight was measured before transportation on the day of slaughter (duration of transport=2 h), whilst the slaughter weight was detected at slaughterhouse prior to slaughter. The animals were slaughtered after 4 h of the arrival to slaughterhouse, at a commercial abattoir according to Hungarian Standard. At slaughter, the bulls were stunned with a captive bolt gun and killed by exsanguination. The carcasses were assessed by trained operators for conformation (an 18 point scale: 1 -poorest to 18 -best) and fatness (a 15 point scale: 1 -leanest to 15 -fattest) according to EU beef carcass classification scheme with the use of subclasses. The following traits were recorded at slaughter: slaughter weight, warm carcass weight, fat depot (kidney) and EU classification data. After 24 h chilling cold carcass weights were recorded and the right half carcasses were dissected into lean meat, fat, bone, and tendon. Before dressing ribs joint was removed from right half carcasses from m. longissimus lumborum et thoracis were cut between the 11-13th ribs and weights were taken. Ribs joints were wrapped in foil and stored at 4 °C degrees until X-ray computer tomography analysis. X-ray Computer Tomography (CT) analysis of ribs joint was made by Somatom Emotion 6 (Siemens, Munich, Germany) at the Institute of Diagnostic Imaging and Radiation Oncology of the Kaposvár University. Depending on the size of rib joint 11-18 overlapping cross sectional scans (slice thickness: 8 mm) were taken. The CT scan taken was actually a 512 × 512 matrix of which each element, the pixels characterized X-ray density value on the Hounsfield scale. Scans were evaluated by medical image processing (MIP) software (Kaposvár University, Kaposvár, Hungary) software. Tissues were differentiated according to the threshold values described previous by Holló et al. (2007) as follows: fat, muscle, bone, connective tissue. From the data the areas and proportion of muscle, fat and bone tissue were calculated between 11-13th ribs (3-rib cut) moreover the average area of longissimus muscle in whole ribs joint as well as at 12th rib was determinated on CT scans. The intramuscular fat level of longissimus muscle in the whole ribs joint was evaluated based on standard CT thresholds for fat on Hounsfield scale (interval 0--200) . To evaluate the intramuscular fat level a sample cut of longissimus thoracis muscle from 13th rib section, from semitendinosus muscle and psoas major muscle was taken. The Soxhlet analysis was made at the Analytical Laboratory of the Kaposvár University.
Data were analysed using SPSS 10.0 (SPSS Inc., Chicago, USA) statistical procedure. Data are expressed as mean values and standard deviations. Differences between breed group means were tested by Tukey's methods (a level of significance set at 5 %). Table 3 shows the main fattening performance traits. The average initial live weight and age were 262 kg and 307 days, respectively. The Hungarian Grey purebred and crossbred bulls started the experiment at a significant older age than other breed groups but at the comparable initial live weight.
Results and discussion

Fattening results
At the beginning of linseed supplemented finishing period the average live weight was 450 kg, among breeds there were no significant differences. It is clearly understood that the Hungarian Grey bulls were the oldest (790 days) whilst their Angus counterparts the youngest (585.1 days) at the end of fattening period.The duration of the entire fattening experimental period was 350 days, and within this the length of linseed supplemented period took 163 days. There were no differences among groups in this respect. However, Angus bulls as early maturing breed reached the slaughter weight at a significantly younger age than the late maturing Hungarian Grey bulls, consequently the fattening period of Hungarian Grey was 80 days longer compared to other genotype. During the entire experiment the rank was the following in terms of daily gain: Angus (1 240 g/day), Charolais (1 126 g/day), Charolais × Hungarian Grey (1 124 g/day), Hungarian Simmental (1 041 g/day), Holstein (982 g/ day) and Hungarian Grey (895 g/day). The Angus bulls gained 113 g more than Charolais, besides this the daily gain of Charolais × Hungarian Grey did not differ from Angus bulls (1 148 g/day). Previously Chambaz et al. (2003) and Török et al. (2009) confirmed that Angus had similar growth rate to Charolais and Simmental breeds. Bartoň et al. (2007a) reported similar daily gain for Czech Fleckvieh (1 356 g/day) and Charolais (1 441 g/day). At the same time German Simmental reached the slaughter weight of 620 kg at a significantly younger age than the German Holstein bulls . Lower relative growth rate was recorded in Holstein Friesian than Hungarian Grey bulls under extensive feeding system (Holló et al. 2004) . In present study the lower live weight gain values of breeds can be regarded as a consequence of semi intensive fattening system with the usage of low concentrate diet. 
P<0.05
In the first fattening period Angus (1 381 g/day), Charolais (1 224 g/day), Charolais × Hungarian Grey (1 099 g/day) had higher live weight gains, on the other hand over the second linseed supplemented period only Hungarian Grey (891 g/day) had lower one compared to average gain. Comparing Angus and Holstein bulls, in spite of the same conditions there were some differences in the live weight gain. In the first fattening period Holstein had the lowest gain rate among genotypes, but in the linseed supplemented period the daily gain for Holstein (1 190 g/day) was higher than for Angus (1147 g/day) bulls, as a consequence the length of linseed supplemented period for Holstein was about 50 days shorter than that of Angus and Hungarian Simmental bulls. The live weight gain of genotypes did not change by linseed supplementation except for Holstein. Similar results were reported by Bartoň et al. (2007b) , Razminowicz et al. (2008) Zahrádková et al. (2010) .
Slaughter results
The traits recorded at slaughter are presented in Table 4 . The slaughter weight showed a similar tendency as final live weight, there was a significant difference between the breed groups of Angus and Hungarian Grey. The hot carcass weight of Charolais bulls was the highest (362.67 kg), whilst the lowest one was that of purebred Hungarian Grey (322.88 kg). The weight of hot carcass of Hungarian Grey, Holstein and Charolais × Hungarian Grey were significantly lower than that of Charolais. The killing out of Charolais (59.50 %), Angus (56.80 %) and Hungarian Simmental (57.84 %) was significantly higher than Hungarian Grey (55.13 %) and Holstein (55.03 %). These results are little bit lower than findings of who reported 57.6 % for Angus, 58.3 % for Hungarian Simmental and 60 % for Charolais bulls. Due to Charolais crossing the dressing percentage of Hungarian Grey was developed by about 1.5 %.
The amount and percentage of kidney fat was the highest for Angus (9.06 kg and 1.47 %), whereas the lowest one was measured for Holstein bulls (4.47 kg and 0.75 %). The low percentage of kidney fat of Charolais bulls confirmed that the higher fat incorporation into the body at this slaughter weight has been not yet commenced. Similar explanation was given by Zahrádková et al. (2010) , results showed that Charolais heifers had lower degree of fatness compared to Limousine counterparts. The kidney fat of crossbred and purebred Hungarian Grey did not differ significantly compared to Angus bulls. According to EU classification results the Charolais (9.50) and Hungarian Simmental (9.33) bulls had higher conformation score than the other genotypes. Based on conformation scores it can be concluded that Charolais and Hungarian Simmental were classified as U-and R+, followed by Angus bulls characteristic category of which was R0.
Similarly to our findings Bartoň et al. (2006) reported a significantly better conformation for Charolais bulls in comparison with the other breeds. However, they found significant differences between Charolais and Simmental in EU conformation score.The effect of Charolais crossing was expressed also in conformation classes because crossbred Hungarian Grey belonged mainly to R-contrary to purebred Hungarian Grey which received a lower score for conformation (O+). As a dairy type, Holstein bulls received the lowest conformation score (5, 18=O). Similar conformation class was reported by Polgár et al. (2005) and Szabó et al. (2008) As expected, Angus bulls received the highest fat score (8.33), which was significantly higher than the value of other genotypes (Link et al. 2007 ). Holstein bulls had the lowest fat score (5.82). The lower fat score of Charolais bulls (6.38) can be explained with the fact that a higher slaughter weight can be achieved without more intensive fat incorporation in this breed (Chambaz et al. 2003) . Contrary to previous data (Enyedi & Kovácz 1990 , Bozó 1993 in our study Hungarian Grey and Charolais × Hungarian Grey bulls had higher fat score. The fat score of Angus and Hungarian Simmental are in line with the findings of Bene et al. (2009) and Polgár et al. (2005) . Table 5 shows the main cutting results. Charolais had the highest cold carcass weight (355.03 kg) and Hungarian Grey, Holstein and Charolais × Hungarian Grey the lowest one. Cold carcass weight for Angus (339.79 kg) and Hungarian Simmental (341.11 kg) did not differ significantly. The average cooling shrinkage was 2 %, the highest value was measured in Holstein, but Hungarian Grey had the lowest one, although the differences were not significant. The values of carcass are determined by tissue composition. Among different genotypes there were significant differences for all tissues except for tendon. The amount of lean meat of Charolais and Hungarian Simmental significantly exceeded that of other breeds. At the same time the lean meat of Angus (112.63 kg), Holstein (113.24 kg), Hungarian Grey (112.74 kg) as well as Charolais × Hungarian Grey (115.44 kg) did not differ significantly. Comparing to EU conformation classes, breeds with a higher conformation score have a higher lean meat content in carcass. Piedrafita et al. (2003) concluded similar findings in their study.
Dressing results
As for fat in carcass the order of breeds was the following: Angus (21.08 kg), Charolais × Hungarian Grey (12.83 kg), Hungarian Grey (11.91 kg) Charolais (10.08 kg), Hungarian Simmental (9.21 kg) and Holstein (8.22 kg). Holstein (33.20 kg) and Charolais (32.74 kg) had the highest bone contents.
As for the percentage of lean meat, values above 70 % were recorded except for Angus bulls, they ranged from 66.69 % (Angus) to 73.99 % (Hungarian Simmental). With respect to fat amount, the fat percentage of carcass was the highest in Angus bulls (12 %), which is twice as high as that of Hungarian Simmental (5 %), Holstein (5 %) and Charolais (6 %) bulls. For Hungarian Grey purebred and crossbred bulls the bone percentage was 18 %. Concerning bone proportion only Holstein group (21 %) differed significantly from the values of Hungarian Simmental, Hungarian Grey, Charolais × Hungarian Grey (18 %) and Charolais (19 %) bulls. In our previous study (Holló et al. 2004 ) the bone content of Holstein varied from 21 to 23 %, depending on the diet. Hungarian Simmental bulls showed the most prosperous lean and fat proportion, whilst lean and bone ratio varied from 3.42 (Holstein) to 4.22 (Hungarian Simmental). Hungarian Grey and Charolais × Hungarain Grey had 4.02 and 4.01. The lean meat production proves the superiority of Charolais and Hungarian Simmental, on the other hand the lowest value can be observed in Hungarian Grey.
The effects of genotype on rib joint composition and area as well as fat content of longissimus muscle are shown in Table 6 . Meat-bone ratio Table 6 CT-determined ribs joint composition of different genotypes, mean 
P<0.05
The tissue composition of ribs joint determined with CT was significantly affected by genotype. Muscle proportion was significantly higher and fat proportion and intramuscular fat content of longissimus muscle were lower for Hungarian Simmental than Angus. The bone percentage in rib joint was the highest for Holstein and differed significantly to other genotypes. Charolais and Hungarian Simmental had the lowest tendon percentage in ribs joint. Significantly higher percentages were measured in ribs joint by CT for Angus and Hungarian Grey bulls. The tissue composition of ribs joint determined by using CTexamination showed the same tendency as the carcass composition of genotypes. The average area of longissimus muscle in ribs joint was lower (76 cm 2 ) than the area of longissimus muscle at the 12th rib (78 cm 2 ). Charolais and Hungarian Simmental had significantly higher longissimus muscle area in ribs joint than Angus, Holstein, and Charolais × Hungarian Grey crossbred counterparts. Previously, Pfuhl et al. (2007) reported differences in cross sectional area of longissimus muscle between Charolais and Holstein bulls.The longissimus muscle area at the 12th rib was significantly lower for Angus and Holstein compared to other genotypes. Török et al. (2009) measured via ultrasonic measurements higher ribeye area for Charolais, Angus and Hungarian Simmental bulls than our values. Our measurements were made after dissection at 24 h post mortem, whilst Török et al. (2009) measured carcass ribeye area immediately after slaughter.
Intramuscular fat content
The intramuscular fat level is one of the most important meat quality traits mostly affecting the eating quality of beef. The differences of fat level in beef can be regarded as the effect of breed or genotype (Scollan et al. 2006 (Scollan et al. , Šubrt et al. 2006 because the beef from late maturing breeds (Blue Belgian, Limousine) have lower level of intramuscular fat than early maturing breeds (Angus, Japanese Black). In addition to age, weight and gender of animals as well as muscle type also affected intramuscular fat content. From extrinsic factors the most important ones are nutrition, and intensity of fattening, because intensive and high concentrate diet caused a higher degree of fat level. The minimum amount of intramuscular fat to achieve acceptable consumer satisfaction is about 3 % to 4 % for beef (Hocquette et al. 2010) . The intramuscular fat level of longissimus muscle was determined both by CT-procedure (Table 6 ) and Soxhletmethod (Table 7) . Based on results it can be established that the intramuscular fat percentage measured by CT is generally lower compared to values of the other method. According to both methods the rank order of genotype concerning intramuscular fat level is the same for the first three cases (Angus, Hungarian Grey purebred and crossbred). In the rank order of the other three changes can be explained by high variability in the distribution of intramuscular fat percentage along the longissimus muscle. The CT-measured fat percentage of longissimus muscle was determinated in whole ribs joint, whilst chemically measured fat level was analysed only at 13th rib. In spite of this, the correlation between methods was r=0.49.
Among genotypes significant differences were detected, moreover the effect of muscle was also significant on intramuscular fat content (Table 7) . The intramuscular fat level of muscles ranged from 1.8 (m. semitendinosus) to 3.6 (m. psoas major). The beef from Angus bulls contained more intramuscular fat than other genotypes except for Hungarian Grey. The intramuscular fat content of longissimus muscle of Angus bulls was higher than previously published by Cuvelier et al. (2006) . The average intramuscular fat content (3.45 %, and 3.08 %) of beef from purebred and crossbred Hungarian Grey exceeded the results of Bölcskey et al. (2001) . This proved our previous opinion (Holló et al. 2005) namely, the view claiming that the beef of Hungarian Grey does not contain enough intramuscular fat hence it is too firm, needs to be reconsidered. Szabó et al. (2002) , Holló et al. (2005) and Mach et al. (2006) reported values from 1.34 to 2.95 % for the fat content in longissimus muscle of Holstein bulls according to the intensity level of diet. In our study Holstein bulls had 2.27 % of intramuscular fat. It did not differ from the lowest intramuscular fat level which was measured in Charolais bulls. The intramuscular fat level of longissimus thoracis muscle of Hungarian Simmental is significantly higher than that of Charolais and Holstein bulls, but lower compared to Angus bulls. Among muscles, semitendinosus muscle had the lowest level of intramuscular fat. Similar to longissimus thoracis muscle, the semitendinosus muscle of Angus (2.11 %), Hungarian Grey (2.15 %) Charolais × Hungarian Grey (2.17 %) contained more intramuscular fat, whereas Holstein had the lowest one (1.15 %). The intramuscular fat level in semitendinosus muscle of Charolais (1.58) and Hungarian Simmental (1.62) differed from breeds. Psoas major muscle of Angus (4.74 %), Hungarian Grey (4.60 %), and Charolais × Hungarian Grey (3.91 %) deposited the highest intramuscular fat level. At the same time the intramuscular fat level of psoas major muscle of Hungarian Simmental is significantly lower (2.61 %) moreover it was exceeded by Holstein (2.91 %) and Charolais (3.56 %).
In conclusion, significant breed differences were observed in growth performance, slaughter value and carcass traits.
Compared to international breeds (Angus, Charolais) Hungarian Simmental had the highest meat yield and the most prosperous meat-fat and meat-bone ratio of carcass, however under semi intensive fattening condition the breed could achieve a lower live weight gain in comparison with Angus.
Hungarian Grey had similar growth rate as dairy breeds (Holstein), but at similar carcass weight Hungarian Grey accumulated more fat and had lower bone proportion than Holstein. Due to Charolais crossing the daily gain, carcass gain and dressing percentage as well as EU conformation score of crossbred animals were improved. The intramuscular fat level of muscles in Hungarian Grey was similar to Angus bulls.
The longissimus muscle area of Hungarian local breeds was relatively smaller than in Charolais but bigger than in Angus and in Holstein breeds measured results.
